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To  Htt  an  argent  «n-M*d  ,  the  "Catalog  of  Antl-J easing  Methods 
and  Devices"  was  originated  and  prepared  on  Seoteaber,  1945  by  Tho  Working 
Connlttoo  on  Anti-Jasning  of  tha  Joint  Countemeaeures  Connittaa.  At  tho 
oonoluaion  of  World  War  II,  tha  Working  Cooalttee  baoaaa  inactive  shortly 
aftar  submission  of  this  "Catalog"  to  tha  Joint  Countarsaasnras  Connittaa* 
Tha  A-J  Connittaa  in  raeoanandatlons  oontainad  in  tha  nlnutas  of  tha  final 
nsating  (JX/C U  55/9  dated  15  Saptaabar  1945)  pointad  oat  that  "antl-jaasing 
for  aaoh  type  of  radio  nave  device  ba  aada  tha  responsibility  of  tha  ap- 
proplate  ooaslttaa  of  tha  Joint  Coanonlcatlona  Board". 

Wunarous  requests  froa  service  project  engineers  and  eon tractors 
for  radars  dlreeted  to  tho  Naval  Research  laboratory  hare  lndioated  tha 
nsad  for  pablloation  and  dlssanlnatlon  of  the  "Catalog".  Therefore,  in  re¬ 
sponse  to  a  latter  froa  NRL  (S67-7(ll3l) ,  1100-266/46,  dated  22  July  1946), 
pablloation  of  tho  Catalog  by  the  Naval  Research  laboratory  was  concurred  in 
by  tha  Joint  Countomaasurea  Connittaa  (Joint  Chiefs  of  Staff,  JX/CM  latter 
to  NRL,  dated  21  August  1946). 

Tho  present  "Catalog"  (Jk/R  SI)  has  boss  reviewed  and  placed  in 
final  fora  for  publication  by  tha  Naval  Research  laboratory.  Requests  for 
copies  nay  ba  dlreeted  tot 


Tho  Director 

Naval  Rosoaroh  laboratory 
Washington  20,  D.C. 


R.L.  flowers 
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r  O  R  S  W  O  E  p 


Tha  Military  requirements  of  any  new  radar  system  must  now  take  into 
account  all  types  of  eneny  countermeasures  which  might  be  used  against 
it.  Jamming  must  be  exneoted  in  any  future  operatione  against  an  enemy. 
In  World  War  II,  proteotion  against  enemy  jamming  often  wae  saorifioed 
for  other  military  requirements  and  in  order  to  speed  up  developments 
and  get  new  and  improved  types  of  radars  into  the  field.  This  wae 
justified  in  that  the  enemy  countermeasures  efforts  did  not  seriously 
affeot  the  operating  effioiency  of  most  of  our  radar  equipments.  This 
will  certainly  not  be  true  in  the  future.  Anti-jamming  muet  take  its 
place  with  range,  target  discrimination,  accuracy,  eto. ,  as  a  definite 
military  requirement. 

Innumerable  trick  circuits  and  "black  boxes"  were  developed  which 
improved  the  performance  of  certain  radars  against  several  various 
types  of  enemy  countermeasures.  The  information  on  these  devioee,  for 
the  moet  part,  was  highly  olaesified  anc  did  not  receive  sufficiently 
wide  di s semination  among  those  responsible  for  radar  research,  develop¬ 
ment  and  production.  In  order  to  solve  this  problem,  this  catalogue 
was  prepared .  The  purpose  of  this  catalogue  was  to  assemble  in  one 
dooimsnt  a  brief  outline  of  all  proven  anti-jamming  methods.  It  was 
intended  that  this  catalogue  would  serve  as  a  handy  reference  for  all 
who  have  need  of  anti— jamming  information.  It  was  not  intended  to 
provide  complete  information  on  any  anti- jamming  features,  but  merely 
to  serve  as  an  index.  References  are  given  on  each  item,  which  should 
be  consulted  before  that  item  is  included  in  any  specifications  for  a 
new  radar  equipment. 

One  of  the  principal  difficulties  encountered  in  the  inclusion  of 
anti-jamminp  in  a  new  radar  is  the  setting  up  of  test  methods  and 
quantitative  specifications  for  the  performs noe  of  these  devices. 

No  attemnt  has  been  marie  in  this  catalogue  to  do  this  because  of  the 
many  different  types  and  anplications  of  radars.  The  performance  of 
the  anti-jamming  features  must  necessarily  depend  on  the  characteristice 
of  the  radar  in  which  they  are  included.  However,  test  methods  and 
performance  data  on  the  majority  of  anti-jamming  devices  included  in  thie 
catalogue  will  be  found  in  many  of  the  references  riven.  Also,  it  is 
expected  that  adequate  specifications  on  anti-jamming  performance  can  be 
evolved  from  vulnerability  tests  of  the  developmental  models  of  new  radar 
equipments. 

It  is  intended  that  this  catalogue  will  be  kept  up  to  date,  end  ae  new 
anti- jamming  circuits  are  developed,  brief  descriptions  and  references  on 
them  will  be  made  available  to  holders  of  this  catalogue. 


The  Working  Committee  on  Anti-Jamming 
of  the  Joint  Countermeasures  Comsittee 


September,  1945 


Tha  vulnerability  of  a  radar  to  jamming  will  ba  greatly 
rtduead  If  dua  consideration  it  glvan  to  anti- Jamming  whan  tha 
general  parameters  of  tha  radar  are  ohosen.  Generally,' other 
operational  requirements  may  dictate  a  compromise  with  the  best 
design  from  an  A-J  point  of  view. 


1.  High  Carrier  Frequency 


2.  High  Feak  Power 


High  Pulse  Recurrenoe 
Frequency 


Benefits 

a*  Considerable  AJ  pro¬ 
tection  because  of 
difficulty  in  de¬ 
signing  very  high 
frequency  jammers. 

b.  Effectiveness  of 
Window  greatly  re¬ 
duced  at  very  high 
frequencies  (X  and 
K  band). 

o.  Simplifies  antenna 
design  for  very  nar¬ 
row  beams. 

a.  Increased  Jamming 
power  required  for 
effective  jamming. 

b.  Increased  radar 
performance. 

a. *  Increased  jamming 

power  required  for 
effective  jamming. 

b.  More  integration  of 
pulse  energy  for 
visual  discrimina¬ 
tion  on  the  display. 

e.  Improved  performance 
with  some  types  of 
Doppler  Devices. 


More  affeeted 
by  atmospher¬ 
ics. 


b.  United  range 
( particular¬ 
ly  K  band). 


a.  Increased  else 
and  weight  of 
ooaroonents. 

b.  Increased  power 
required. 

a.  United  by 
range  require¬ 
ments. 

b.  Sweep  utilizes 
a  greater  por¬ 
tion  of  the 
pulse  interval 
benoe  mutual 
interference 
between  adjaoent 
radars  will  be 
greater. 


•High  prf  will  not  have  aa  great  an  effeot  as  hifh  peak  power  in  this  regard. 
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Short  pulse  length 


Hirh  Antenna  Gain 


Keans  for  Chanrinr 
Antenna  Polarisation 


IlaliflilaBg 

a.  Wide  band  width 
required  in  re¬ 
ceiver  increases 
design  problems 
and  makes  appli¬ 
cation  of  certain 
backbiaeing  AJ 
circuits  consider¬ 
ably  more  difficult. 
* 

a.  Increases  dif¬ 
ficulty  of 
target  acquisition. 


i.  Requires  larger 
antennas. 


Bflflfllitg 

Increased  definition' 
which  is  particularly 
effective  against 
Window  and  other  types 
of  clutter. 


Increases  the  beam 
power  hence  in- 
creards  the  power 
required  of  a  Jam¬ 
mer  for  effective 
jamming. 

Provider  considerable 
protection  arainrt 
jamming  when  a  jamming 
transmitter  is  located 
off  angle  from  the 
target. 

Increases  the  resol¬ 
ution  of  the  radar 
which  reduces  '.he 
effectiveness  of 
Window, 

Increases  rnder  • 
performance, 

&  n  greatly  re¬ 
duce  plane  ellip- 
ticr.lly  or  circul- 
erlv  polarized 
jamning. 

Can  greatly  reduce 
the  effectiverer.. 
of  certain  typer 
of  Window. 


The  '.ighect.  frequency  compatible  with  rerfomnnce  reouirementc 
should  always  be  used. 

The  hirhert  peak  power  compatible  wit;i  space,  veirl.t,  anc.  supply 
power  should  be  urea. 

A  hirh  rul;e  recurrence  freouency  should  lie  used.  Hcvrevcr,  in¬ 
creased  peak  power  will  he  more  valuable  tU.n  increa.ec:  1  rf  hence, 
if  the  duty  cycle  if  fixed,  tie  prf  ehnuV  ‘or  levered  wit*-  a  ccrre- 
;  ponding  increase  in  peak  power. 
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4.  A  very  short  puls*  length  ( 1/4  /tec  or  less)  le  very  valuable 
against  Window,  and  should  be  used  whenever  possible.  However, 
wide  17  and  video  bandwidths  are  then  required  which  oaks  the 
inclusion  of  several  other  AJ  circuits  extremely  difficult. 

It  Is  recommended  that  two  pulse  lengths  be  available,  the  first 
very  short,  for  use  against  windbw,  and  the  second  considerably 
longer  (l-2/t-secs)  which  will  require  considerably  narrower  band 
reoeiver  components  and  whloF  with  the  proper  AJ  circuits  should 
be  used  against  transmission  jamming.  A  single  switch  which 
will  choose  either  pulse  length  and  its  corresponding  band  width 
will  be  very  valuable. 

5.  The  highest  antenna  gain,  compatible  with  the  operational  require¬ 
ments,  and  the  size  and  weight  of  the  antenna  which  can  be  tolerated, 
should  be  used. 

6.  Keans  should  be  provided  for  changing  the  polarization  of  the  antenna 
In  operation.  If  this  is  not  practicable,  provision  shall  be  made  to 
permit  change  of  polarization  as  a  maintenance  adjustment. 


D.  References 

1. '  Radiation  Laboratory  Report  No.  72. 

"The  Power  Necessary  to  Jam  a  Microwave  Radar,”  J.  L.  Lawson, 
dated  24  March  1943. 

2.  Radio  Re  bear  oh  Laboratory  Report  No.  RRL-44 , 

"Notes  on  Power  Required  in  Noise  Jamming." 

3.  NRL  Confidential  Report  No.  RA-3A  208A 

"Minimum  Detectable  Radar  Signal  and  its  Dependence  upon 
Parameters  of  Radar  Systems",  A.  V.  haeff. 

4.  Aperiodic  Pulse  Timing  Systems 

Pat.  Apl.  Serial  No.  462,525?  October  19,  1942 

S.  C.  Right,  Govt.  Fat.  Exch.  Sheet  A-1208. 

5.  Radiation  Laboratory  Report  54-28,  June  3,  1943 
"Slide  Rule  for  Microwave  Antennas". 

6.  Anti-Jamming  Committee,  Div.  15,  N.D.R.C. 

Minutes  of  Meeting  No.  9,  Nov.  6,  1943. 

7.  Patent  Application  No.  563,559,  filed  15  Nov.  1944,  L.  A. 
Meecham,  B.T.L. ?  Govt.  Pat.  Exch,,  N-7S3. 

8.  KRL  Report  "An  AJ  Measure  for  Use  Against  Circularly  Pol¬ 
arized  Jamming",  Division  15,  No.  411-207,  20  June  1945* 
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ITtif  2 

Freeman  cv  Dispersal 


A.  Brief  Description 


Frequency  diaper pal  consists  of  scattering  the  frequencies  of 
radar  sy.'tem.s  throughout  the  radar  spectrum  as  widely  as  possible, 
and  applies  parti cularly  to  system?  having  the  rare  function.  This 
qan  Tie  obtained  by  opening  un  new  bands  on  widely  different  frequencies 
and.  by  mr. kinr  each  frequency  band  as  wide  as  possible.  In  a  more 
limited  sense  frequency  dispersal  can  take  the  form  of  utilizing 
existing  frequency  bands  to  the  limit  by  maximum  dispersal  of  systems 
in  each  band  and  by  utilizing  equipments  in  every  bend  for  any  given 
operation. 


B.  Benefits  and  Limitations 
Benefits 

Protection  against  window 
and  electronic  jamming 
because  all  sys terns  ere 
not  likely  to  be  jammed 
pinultnneourlv. 


I Imitations 

High  degree  of  coordination  of 
information  required  to  fully 
utilize  frenuency  dispersal. 
Increased  maintenance  and  spare 
parts  (system  standardization 
will  reduce  this  difficulty,  i.e,, 
SR  tvoe  systems). 


o.  fnawrUrj:  . 

(a)  Additional  Requirements. 

• 

1.  Flexible  systems  helpful  (See  Item  1,  No,  1), 

2.  Careful  planning  of  the  radar  situation  before 
any  operation. 

Added.  Space  iAfrlttAfiirJ  fiMJML  BflftAl 

Wei ght  None 

Power  None 

*  (b)  Operations!  Requirements. 

1,  direful  planning  to  utilize  all  possibilities 
of  frequency  dispersal  available, 

2,  Selection  of  magnetrons  or  tunable  magnetrons 
to  alloy.  full  dispersal  on  em>  bund , 

D.  Reeoanaendations 

(a)  New  frequency  bands  should  be  exploited  in  the 
development  of  new  radar  systems. 
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(b)  Old  frequency  bands  should  bo  exploited  to  tho 
maximum  by  careful  radar  planning, 

(o)  Standardisation  progress  should  be  utilised  to 

simplify  operation  and  maintenance  of  radar  systems, 

(d)  The  practice  of  setting  up  all  equipment  of  a  given 
type  on  one  frequenay  should  be  avoided, 

I,  Eafaraneaa 

(a)  A,  J,  Praotloes  Handbook  -  Taper  A-l, 


•  <  .tt  •• 
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ITEM  % 

Tunability  and  Flexibility  In  Ratfrr  ffrntMM 

A.  Brief  Description  of  Systems 

Tunability  and  flexibility  In  radar  systems  may  take  a  variety 
of  forms  depending  on  the  purpose  of  the  equipment  and  on  the  com¬ 
plexity  which  can  be  afforded.  Push-button  multi-channel  operation, 
dual-channel  operation,  single  control  frequency  change,  and  dual 
or  triple  control  frequency  change  are  examples,  with  various  degrees 
of  complexity,  of'  how  tunability  and  flexibility  may  be  attained. 
There  forms  of  tuning  may  be  adapted  to  large  frequency  changes  or 
small  frequency  changes,  again  dependent  on  the  else  end  complexity 
allowable.  Broad-band  antennas,  broad-bond  plumbing,  non- critical 
circuit1:,  automatic  frequency  control,  etc.  are  devices  which  aid 
in  obtaining  tunability  and  flexibility. 


B.  Benefits  and  Limitations 
Benefits 


Jdjnttjitdpng 


1.  Reduction  in  vulnerabil-  1.  Additional  complexity. 


2. 

1 


0. 


it.y  to  electronic  .lamming 
and  mutual  interference. 
Can  sometimes  be  used  for 
lobe  filling  if  frequency 
changes  are  automatic  and 
rapid. 


(a)  Additional  Requirements. 


Additional  development  time. 
More  weight  and  space. 
Possible  reduction  la  normal 
performance. 


1.  Varies  from  multiple  transmitters,  antennas  and 
mixers  to  easily  tunable  transmitters  and  receivers 
with  broad-bend  dumbing. 

2.  More  stable  mechanical  construction. 

Added i 

Space  -  0-80  ou,  ft. 

Weight  -  0-2000  lbs. 

Power  -  0-8  kw. 

(b)  Remarks  on  operation. 

1.  Push  button  channel  selection  would  greatly  reduce 
the  vulnerability  to  electronic  ,1  awning  j  the  reduc¬ 
tion  increases  with  t.he  number  of  channels  avail¬ 
able  and  the  frequency  spread  between  channels. 
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2,  Single-control  frequency  change  ever  •  wide  frequency 
bead  would  mice  a  eyetea  preetieelly  invulnerable  to 
electronic  Jaealngj  over  e  snail  frequency  range  It 
eeuld  atlll  greatly  aae  11 orate  difficulties  with 
leaning  and  would  allow  optlaun  operation  of  reoeiv- 
er  a-J  olrouite. 

3.  As  the  nuaber  of  ooatrole  are  Increased  the  flexibi¬ 
lity  deoreasee. 

4*  Been  an  easily  tunable  local  oeclllatcr  can  greatly 
aid  In  the  operation  through  jeaalng. 

D.  Iccoancndationa 

■very  radar  systea  should  be  designed  with  Mariana  flexibility  and 
tunablllty  (using  a  ainiaua  of  controls)  ocnslstant  with  the  da, 
weight,  purpose  and  operating  llaltatlons  for  that  particular  equlp- 
asnt.  In  all  oases  the  state  of  the  art  on  tunable  and  bread-band 
ooarponents  should  be  exploited. 

a.  ntltrnwif 

(a)  A.  J.  Practices  Panel  Handbook  -  Paner  A-l,  A-2 

(b)  Dovelopswnt  work  at  R.L.  on  nieraseve  equlpswnts. 

Bevel opnsnt  work  at  URL  on  aster  wave  equipment. 

Developnent  work  at  FTSR  on  aster  wave  equlpaMnt. 

Development  work  at  RCA  on  aster  wave  equlpasat. 


Ileotrio  and  aagnetle  shielding  li  laportant  ia  radar  equipment 
la  order  to  prevent  all  unwanted  electromagnetic  fields  froa  affeot- 
lof  tha  receiving  system.  It  is  to  bs  understood  that  filtering  la 
a  fora  of  shielding. 

Shielding  is  particularly  laportant  to  eliminate  or  reduoet 

1.  J staling  at  the  Intermediate  frequency. 

2*  "Breakthrough"  of  radiation  froa  nearby  souroes,  suoh  as 
radars  and  other  eleotrloal  devisee. 


Shielding  ie  also  an  laportant  factor  in  ensuring  stability  of 
the  radar  set  (see  Itea  5). 


Motet  The  site  of  a  radar  set  any  be  so  ehosen  as  to  take  ad¬ 
vantage  of  the  terrain  to  Shield  the  radar  froa  an  undesirable  Inter¬ 
ference. 


1.  Protection  against  1.  Kona, 

pick-up  of  unseated 
signals. 

0.  ftrwwrWf 

Additional  requirements t 

1.  Design  of  the  r-f  seotloa  for  aexlaua  possible  attenuation  of 
uadesired  frequencies. 

2.  Minimum  1-f  and  video  oabling. 

3 •  Liberal  filtering  of  leads. 

Bsasrks  on  operation! 

lone. 


Although  noraal  good  design  should  provide  shielding  of  suf¬ 
ficiently  high  quality,  oareful  thought  should  be  given  to  the  natter 
of  1-f  pick-up,  especially  ia  sets  which  are  knoan  to  bs  subject  to 
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nob  dlffleoltlee.  Tacts  ahoold  lnolnds  snooeea fnl  opmt&ca  with¬ 
in  an  appropriately  disposed  field  strength  of  appreodaately  1  welt 
per  eater  at  the  lntereedlate  fregoeoey. 

C,  Wafaranoaa 

1.  Ill  Report  Vo.  471,  "Shielding  of  Vleroseve  teoeleers  Against 
Interferenoe  at  Interned  late  Preqoenolee",  Braes  Cork. 
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A.  artf  Description  of  Stability  Beoulrems nt« 

Circuit  stability  la  Important  in  both  radar  transmit tar  and 
receiver.  Lack  of  transmitter  stability  may  result  in  mismatching  of 
the  antenna,  make  ra -tuning  necessary  during  a  critical  period,  or 
cause  false  Doppler  affects  la  those  equlpawnta  utilising  VTI  or 
similar  devices. 

It  Is  neoessary  that  the  entire  receiver,  and  particularly  the 
i-f  amplifier  be  stable.  A  stable  local  oscillator  and  a  reasonably 
stable  power  supply  are  also  neeassary.  The  stability  of  the  1-f 
amplifier  Is  particularly  Important  beoause  jamming  may  increase  the 
Instability  to  the  point  of  oscillation.  Baekblas  circuit*  (see  Item 
12)  should  not  deoreasa  1-f  amplifier  circuit  stability.  Both  erratic 
and  periodic  local  csolllator  frequency  variations  should  be  kept  small 
In  comparison  to  the  IT  band  width. 

B.  Benefits  and  limitations 

StBSClil  Mmitmttemm 

1.  Transmitter 

a.  Maintenance  of  tuning  and  Initial  a.  lone 

conditions. 

b.  Avoidance  of  false  Doppler  effects. 

2.  Receiver 

a.  Improved  one ration  In  jamming.  a.  Vane 

b.  Receiver  gain  less  dependent  on 
jamming  signal. 

A 

c.  Constant  bandwidth  with  gain. 

3»  Local  Oscillator 

a.  Retuning  seldom  required.  a.  Bene 

b.  Rscessary  for  use  with  optimum 
bandwidth  circuits. 

0.  An  extremely  stable  looal  oscil¬ 
lator  must  be  available  for  use 
with  MTI. 

0.  Properties 

Additional  Requirements t 
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1.  Better  ahleldlng ,  better  voltage  ra eolation,  and  laoreaaed 
filtering.  It  aqr  ba  neoeeearj  to  oaa  lower  (ala  atagea  aad 
aztra  or  lartar  eenponenta  nay  ba  Beaded  to  gat  adeqoate  deooop- 
liag .  All  tbaaa  reflnenenta  *111  dapand  on  the  degree  of  In¬ 
stability  that  oaa  ba  tolerated* 


It  la  aaaaatlal  that  the  laltlal  daalga  of  a  radar  aet  eaaoraa 
■table  operation.  Zt  ahoold  ba  pointed  oat  that  looal  ooolllator 
instability  la  not  aa  aarlooa  ebon  a  nail  protected  AFC  elroolt  la 
enployad.  (dee  ltaa  6)  Taata  of  raoelvar  stability  ahoold  laalada 
taata  with  Jaaalag  signals  praaeot.  Cbaagaa  la  ternperature  aad 
hoaldlty  ahoold  have  a  wary  Halted  affect  on  elroolt  atabUlty. 

I.  Reference* 

1*  AJ  Fraetloea  Panel  Report!  B-7  "Stability  Margin”  fcy  I.  R.  Page 
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A.  ^rlef  Description  of  Circuits  and  Functions 

The  Boat  that  on*  oan  accomplish  1b  tha  way  of  A7  onoa  tha  j  ea¬ 
sing  baa  baan  permitted  to  roach  tha  indicator  la  to  display  tha  in- 
fcraatlon  la  auoh  a  way  aa  to  aaxlmlia  tha  algnal  visibility  la 
latarfaraaea.  Various  dlaplay  ayataaa  aooantuata  different  oharacter- 
latlea  of  tha  algnal.  The  principal  olaaaaa  used  arat 

1.  Defleotlon-aodulated  Indication  (auoh  aa  "A",  "J" ,  *R" ,  a to. 

2.  Intensity-modulated  dlaplay  ("PPI",  "B",  ato.) . 

3.  Aural  Iadioatloa.  la  thla  typo  of  ladloatloa  a  range  gate  la 
■ado  to  encompass  tha  echo,  and  tha  audio  Modulation  derived 
froo  tha  algnal  la  made  paroaptlblo  through  aar-phonea  or  other 
aultabla  Indicating  devices.  It  la  uaaful  In  obtaining  propel* 
lor  oodulatlon  or  Dopplor  indications. 

4.  Motor  Dlaplaya.  In  thla  typo  of  dlaplay  a  alapla  lndloator, 
auoh  aa  a  meter,  light,  or  ball,  la  actuated  by  tha  algnal. 

Thaaa  dlaplaya  oan  bo  aat  un  and  uaad  la  a  variety  of  oayai 

(a)  Expanded  presentation.  Tha  range  and/or  aslmuth  la  ex¬ 
panded  to  paralt  eaey  algnal  vlalblllty. 

(b)  Photographic  projection.  The  dlaplay  la  photographed, 
rapidly  dovalooad,  and  projected  on  a  ooreen. 

(o)  flicker  technique.  Suocoaalvo  photographs  or  akiatron 
lnagoa  are  projected  for  oonparlaon,  ao  that  aovonont  of 
targata  can  be  aeon. 

(d)  Multicolor  aersens.  Scraana  vhoao  emitted  color  is  de¬ 
pendent  upon  tha  duration  of  excitation  are  now  being 
developed. 

B.  Benefits  and  Llnltatlona 

Baneflta  USL&S&iflH 

1.  Defleotlon-aodulated  indi  cation 

a.  Vide  effeetlve  dynaalo  range  of  a.  Met  eell-adaptad 

presentation}  hence  laaa  auaeep-  to  scanning 

tibia  to  j earning.  search  systems. 

b.  Can  act  as  convenient  test  scope. 
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2.  Intensity-modulated  Indication 

a.  Well-adapted  to  somimlng  lyitwt.  a.  Limited  dynamic 

raaca. 

3.  Aural  indication 

a.  Can  be  useful  in  detecting  serine  a.  Requires  a  "gate* 

targets  in  oluttsr ,  beeanse  of  on  the  target. 

Doppler  effeeta  and  propeller 
modulation. 

A.  Meter  display 

a.  Simplest  type  of  presentation.  a.  Halted  application 

b.  >aally  jessed. 

5.  Expanded  sweep 

a.  Discrimination,  which  is  especial*  a.  Restricted  scarab 

ly  helpful  in  clutter.  Window,  and  rolune. 

the  like. 

6.  Photographic  projection 

a.  Increased  tine  in  which  observer  can  a.  Slight  delay  In 

scrutinise  and  judge  the  display.  processing  and  pro* 

Jsetion. 

b.  Permanent  record. 

e.  Advantageous  for  large  number  of 
observers. 

7.  Flicker  Technique 

a.  Diserlnination  between  moving  tar-  a.  Requires  doable 

gets  and  eluttsr.  display,  with  in- 

ersaasd  complexity. 

b.  Otherwise,  as  for  photographlo 
projections. 

8.  Moltloolor  screens 

These  are  in  oxperlaental  stags,  and,  at  prsasat,  an  evalua¬ 
tion  cannot  ba  mads. 

o.  Iwataimsai 

1.  All  radar  sets  should  be  provided  with  a  deflection-modulated  ee- 
ollleseope,  if  poaalble. 

2.  Radar  sets  should  be  provided  with  expanded  presentation  Where 
possible. 

3.  The  use  of  other  techniques  should  depend  on  the  character  end  use 
of  particular  radars. 
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D.  Rtftrtno— 

1.  Sort—  proparti—  -  W.B.  Hottlaghan ,  RL  Rtpert  Bo.  8—.  6*48. 

1/22/a . 

2.  Principal  dtrtlop— fe  on  aaltleolor  tor—  at  Doaont  Labora- 
torlti  and  G,  I.  Raaaareh  Laboratory. 

3.  Photographlo  Inttgration  and  Sprttd  of  Ba—  Linti  RCA  Ttofanloal 
Report  PTR-7C,  by  T.  T.  Raton  and  Inring  Wolff. 

4.  Ilioktri  Dtrtlop— t  work  dona  In  England  by  THE  and  ADRDI. 

5*  Aural  indication!  (a)  RL  Rtpert  Ho.  8-10. 

(b)  URL  Report  Ho.  R-2561  by  A.  R.  B— tlnga. 
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The  manual  gala  control  Is  an  arrangaaant  for  annually  adjusting 
tha  i-f  gain  during  operation  of  the  radar.  In  the  presence  of  Jam¬ 
ming,  overload  can  be  largely  prevented  by  manipulation  of  a  properly 
designed  gain  control  and  the  susceptibility  to  j easing  greatly  reduced. 

This  control  can  be  used  during  normal  operation  to  sot  the  gala 
of  the  receiver  to  give  optimum  visibility  of  the  target  pips  on  the 
radar  Indicators.  For  strong  signals  It  aay  be  used  to  prevent  over* 
load  and  to  increase  definition.  There  are  several  types  of  gain  con* 
trol  with  different  overload  characteristics  and  dynaalo  range.  It  is 
essential  to  consult  referenoe  (a)  for  details. 


e 

Limitations 

1.  Extent  of  value  la 

'  Halted  by  the  speed 
with  which  the  op¬ 
erator  can  properly 
.  adjust  device. 

2.  In  scanning  radars, 
if  overload  is  pre¬ 
vented  In  jamaed 
sector a  by  gain  re¬ 
duction,  in  general 
tha  vleiblllty  of 
weak  signals  in  un- 
jamaed  sectors  is 
reduced. 


»«•!■  rm*!-; 'V4 1)  w  '■  -  ww  •*'  Vfll.’ '  ! ! 


1.  Additional  Requirements i 

a)  An  operator's  oontrol  potentiometer. 

b)  Extra  cabling,  if  racalver  control  la  remote. 

i  c)  Decoupling  networks  for  individual  controlled  stages, 
d)  Biasing  voltage  with  swell  power  drain. 

Addsdt 

Spaoa  Extra  weight  varying  with  Installation  hat 
.  Weight  amounting  to  less  than  a  pound  In  most  eases. 

Power 

2.  Remarks  on  Operation! 

(a)  Soannlng  limitation  removed  by  using  autoaatlo  beak-bias  soheme 


cottbuttat. 

(aee  Xtca  12)  but  th«M  olrouita  etoM  differentiation  of  the 

aigaala. 

(b)  If  the  oluitar  pattern  la  approximately  tba  mm  at  all  aal- 
nutha,  STC  (aaa  Xtaa  15)  la  prefarred  ovar  tba  aaanal  gala  con¬ 
trol  alnoe  It  praaervea  aaxiana  algnal  rlalblllty  at  all 
raagaa. 

(e)  la  oontraat  to  thaaa  altaraata  aoheaee,  tba  aaanal  control,  la 
ganaral,  raqnlraa  but  little  added  circuit  oowpleoclty. 


A  aaimal  l-f  gala  ooatrol  abould  be  prorldad  bacanaa  of  Ita  AJ  ad- 
vantagea,  area  If  act  required  for  other  raaaoaa.  It  la  eaeeattal  that 
tba  l-f  gala  ooatrol  hare  adequate  reage  aad  aatlafaotory  overload 
charaoterlatloe  aa  dlaouaaod  la  Keferenoe  (a)  below. 


I.  Kaforenoea 

(a)  AJ  Praottoea  Panel  Report i  Paper  B-4,  "Gala  Control  Applleatlooa", 
by  R.  3.  O'Brien. 
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.frMmn°y  oprtErt  Prrtntiw 

A.  Brief  Description  of  Schama  and  Function 

Protection  of  the  AFC  ie  dee treble  eo  that  external  signals  oan- 
not  oontrol  the  frequency  of  the  local  oeolllator.  If  an  external 
Signal  should  detune  the  looel  oscillator,  there  would  be  a  serious 
Impairment  of  radar  risibility,  and  an  Increased  J/S  ratio. 


In  the  slaplest  form  of  AFC,  the  frequency  difference  between 
the  local  osolllator  and  the  transmitted  signal  Is  kept  constant  at 
the  lnteraedlate  frequency.  This  Is  done  by  Beans  of  a  frequency  die* 
or la Inst or,  which  furnishes  correcting  Information  either  to  the  local 
oeolllator  or  to  the  transnltter.  Ordinarily  no  steps  are  taken  to 
prevent  external  signals  from  taking  control  of  the  AFC  olroult.  Two 
scheaes  are  custoaarlly  used  to  protect  against  this  eventuality. 


1.  A  gate  Is  derived  fron  the  transmitted  pulse,  whleh  sensitises 
the  AFC  channel  only  while  the  pulse  Is  on.  Leakage  power 
through  the  TR  box  is  used  for  AFC.  Thus  external  signals  are 
virtually  eliminated  by  either  the  gate  or  the  attenuation  through 
the  •fired*  TR  box. 


A  snail  amount  of  transmitted  signal  power  Is  coupled  out  from  the 
r-f  transmission  11ns  to  a  separata  AFC  crystal  niter.  The  at¬ 
tenuation  through  this  coupling  Is  usually  more  than  60  db.  thus 
virtually  eliminating  external  signal  effeots. 


2. 

B.  Benefits  and  Limitations  of  Scheme 
Benefits 
1.  Protection 

0.  Properties  of  Two  Such  S phenes 


1.  Additional 

Requirements! 


Am^SuHUISa 

1.  Reoelver  modifica¬ 
tions  and  a  gating 
pulse.  This  pulse 
may  sonatinas  be  tak¬ 
en  fron  the  modulator 
or  synchroniser.  If 
not,  It  must  be  gen¬ 
erated  from  s  trigger. 


IiiRlWfiMB 

Rene 


8»  PwMt  MUtt 

1.  Separate  AFC 
Mixer  and  obannel 
coupled  to  r-f  line 
through  appropriate 
attenuator. 

2.  Additional  LO 
power. 

3.  Decoupling  between 
the  two  nlxwre. 


Added 

20  cubic  inohee 
1  lb. 
none 


Space 

Weight 

Power 
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20  euble  inches 
1  lb. 

10  w  d-C|  2  w  s-c 


lit 


2.  Remarks  ou 

Operation i 


1.  Ease  and  permanence 
of  adjustment. 

2.  Special  attantlon 
■oat  bo  paid  to  the 
elimination  of  eparlona 
■odea  and  harmonies. 


1.  "Hash*  fron  trans¬ 
mitted  atgnal  "spike* 
requires  apeolal  oa re 
In  the  design  of  the 
gating  pnlae  and  in  the 
balanoe  of  the  dlaerlml- 
nator. 

2.  Special  attention 
■oat  be  paid  to  the 
elimination  of  apnrlooa 
nodea  and  harmonica. 


Device  for  protecting  AFC  should  be  lnolnded  In  all  radar  seta. 

«*«* 

I.  Refarenoea 

1.  Gated  AFC I 

Development  work  largely  done  at  Bell  Telephone  Laboratories.  See,  ■ 
for  example,  BTL  Report  lo.  145,  •Automatic  Tuning  Control  Studlea". 

2.  Double  Crystal  Mlxsri 

Development  mark  largely  dona  at  Radlatlen  Laboratory. 

Sae,  for  example,  RL  Report  lo.  687,  "Some  Automatic  Frequency  Con¬ 
trol  Circuits". 
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The  i-f  bandwidth  la  tha  frequency  lntarwal  oeer  which  an  1-f 
aapllfler  has  an  orar-all  gala  net  aora  than  3  db  down  from  — rrt— . 

Tha  aagnitude  of  tha  1-f  bandwidth  need  in  a  raoalwar  la  a 
faotor  la  determining  tha  algnal-to-nolae  ratio,  tha  degree  of  dla- 
tortioo  axpariaaoad  by  tha  polaa  daring  reoeption,  and  tha  eoe- 
oaptlbility  to  Jaaalng. 


la  diooatng  tha  i-f  bandwidth,  tha  objeetlwe  oeoally  la  to  ob¬ 
tain  aa  largo  a  ratio  of  algaal-to-nolaa  aa  poaalblo  even  though  tha 
original  ahapa  of  tha  polaa  la  eonawhat  d la tor tad.  Thla  optimal 
bandwidth  la  obtalnad  by  nalag  a  3  db  bandwidth  of  about  1.3  tlaoa  tha 
roelprooal  of  tha  polaa  width.  Zn  aoaa  oaaaa,  laaa  dlatortloa  of  tha 
polaea  oaa  ba  toloratad  and  a  wldar  1-f  bandwidth  aoat  ba  oaad.  Rod- 
mm  aklrt  aeleotlwlty  ahoold  ba  oaad  eonalatant  with  tha  polaa  dla- 
tortion  which  oaa  bo  tolaratad. 


For  noat  foraa  of  .loaning  aa  1-f  bandwidth  ehooaa  from  tha  pra- 
eadtng  oonaidarationa  will  ba  aatlafaetory,  although  for  partloolar 
typoa  of  jaaalng,  a  wldar  or  narrower  1-f  bandwidth  nay  giro  aona  ln- 
proronant  of  wlalblllty. 


Ltaltatlona  of  Either 


Than  Orrtlnon  I-b 


1.  Borrower  Bandwidth  than  Optimal 
Banaflta 

(a)  Inoraaaad  "aattlng-on" 
dlfflooltlaa  for  J« 


(b)  May  ba  uaad  aa  flltar  for 
"off-tone"  Jaaming. 


2.  Wldar  Bandwidth  than  Optimal 
Banaflta 

(a)  Tnprorad  wlalblllty  la 
"raillnga"  and  elottar. 

(b)  Tnprorad  wlalblllty  la 


Mnltatlana 

(a)  Boduoad  algnal  wio- 
lbility  In  raoalwar 
aolaa. 

(b)  Radooad  wlalblllty 
la  "raillnga”  and 
elottar. 

(e)  Reduced  wlalblllty 
In  aoat  foraa  of  "on- 
timed*  jaaalng. 


Llnltatlona 

(a)  Reduced  wlalblllty 
In  raoalwar  noiae. 

(b)  Xaaaa  requlrenente 
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n  and!  clipped  AM  aolap 
.leasing* 


on  jam 
control, 


frequency 


0*  Fropcrtlcc  of  Wider  cr  Bar***—*  flua  Ontlm  gtmWdth 

1*  Additional  Requlreaeatst  In  general,  vide  i-f  bandwidtha  require 

sore  tubee  and/or  elrouit  ooaplexity. 


D*  Rebosaendatlona 

It  la  reeoaaeaded  that  an  i-f  bandwidth  equal  to  one-to-two  tlaea 
the  reciprocal  of  the  radar  pulee  length  be  used.  This  consideration 
a ay  be  aodlfled  by  tuning  stability  and  pulse  ahaplng  requlreaenta. 
Beoauae  of  Its  value  against  clipped  noise  j easing  and  clutter,  a  vide 
bandvldth  should  also  oe  oonsidered.  Wher sever  possible  a  dual  band¬ 
width  IF  should  be  provided.  Suggested  bandvldth  values  are  l/T  and 
3A. 


B.  Heferenoes 


1.  A.  V.  Haeff ,  levy  Report  Ro.  134. 

2.  A.  M.  Stone,  RL  Report  Ro.  70S. 

3.  RRI>  Report  R-250S  "Soae  Fundaaentala  of  Antl-Jaa  Receiver  Cir¬ 
cuits". 
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Tha  video  bandwidth  la  daflnad  aa  tha  frequency  interval  onr 
which  a  video  aapllflar  haa  an  over-all  gain  not  wore  than  3  db  down 
frow  the  naxlnua. 


Other  oonalderatlona  than  AJ  requirements  require  a  good  lea- 
frequency  reaoonae  and  henoe  tha  high-frequency  3  db  point  la  ea- 
aentlally  equal  to  the  video  bandwidth.  .  The  proper  a ha ping  of  the 
video  reaponae  curve  la  dictated  by  the  tranaient  reaponae  required. 
Iota  that  In  aoae  eaaea  very  poor  low- frequency  reaponae  la  Intentio¬ 
nally  Introduced  by  an  FTC  (aae  Ztea  14)  end  here  epeelal  eonaldera- 
tlona  apply. 

b.  B»ilm_Sga«lfltr*Ugp« 


In  the  preaence  of  jawing,  a  large  video  bandwidth  la  deairable. 
Jawing  which  la  not  exactly  In  tune  with  the  radar  frequency  baata 
with  the  pulse  and  atuoh  of  the  pulae  energy  la  near  a  frequency  equal 
to  the  difference  between  radar  and  Jawing  frequenelea.  If  this  dlf- 
ferenoe  la  greater  than  the  high-frequency  cut-off  of  the  video  ampli¬ 
fier,  a  loaa  in  pulae  gain  will  reault.  Thla  loaa  In  algnal  reaponae 
la  not  aeooapanled  by  a  corresponding  daoreaae  in  noiaa  and  hanoa  thare 
la  a  raal  loaa  In  dlaosrnlblllty. 

o.  fBBM&m  gf. 


1.  Additional 

Raqulrawntai  (a)  May  requirei  (1)  addad  oownlexlty  la 

vldao  coupling  circuits}  (2)  addad  ttibaai 
depending  on  bandwidth  dsslrad. 


Addad 

Bpaoa 

•eight 

Power 


(a)  Depends  on  olreuit  requlrenenta. 

(b) '  Added  bandwidth  oan  often  be  obtained 

•Imply  by  appropriate  peaking.  Tha  aaoont 
of  peaking  that  oan  ba  affaotlvaly  uaad  da- 
panda  upon  tbo  requlrooonto.  on  transient 
response. 

(o)  Still  wider  band widths  way  require  larger  or 
additional  tubea  and  power. 


2.  Keaerke  on  Operations  Bono 


D.  an  wsndatlonm 


It  Is  desirable  fron  the  AJ  point  of  view  to  wake  tha  hlgh-frequansy 
3  db  point  of  tha  video  bandpass  curve  at  least  equal  to  the  full  1-f  (3db) 
bandwidth,  (than  a  third  dataotor  la  anployad  it  Is  advieeble  to  who  tbo 
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▼idoo  bandwidth  aqual  to  twlew  tha  full  ZP  bandwidth  op  to  tba  third 
dotootor.  (So#  I tow  17.) 

I.  gaforoBQpo 

1.  AJ  Praotlooo  Banal  Saports  Fapar  B-3  "Tldao  Bandwidth  Conaidara- 
tiena"  J.  L.  Iawaon,  0.  I.  Allrad,  and  A.  L.  Oardnar. 

2.  Raval  Raaaarofa  laboratory  Kaportat  (a)  R-2392  "Rapart  on  Zn- 
▼watlgatlon  of  Anti-Jan  Raoalrara  for  Saar  oh  Radar"  »  (b)  R-2508 
"Bona  Fundaaantala  of  Anti-Jan  Raoaiwwr  Clroulta". 
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A.  Brief  Description 

A  linear  receiving  ays tw  la  om  ahoaa  output  voltage  la  directly 
proportional  to  tha  Input  voltage.  linearity  la  not  achieved  it  a 
square-law  aaoood  datootor  la  used,  or  it  1-f  or  video  overload  ooenra. 
If  a  equar e-law  dataetor  la  naad,  tha  Introduction  of  e-w  Jamming  can 
lneraaaa  tha  nolaa  output  enough  to  aaturata  tha  vidso  aapllflar. 

B.  and  Ultetl  — 


MIWlMf 


1.  Kaaantlallj  oonatant  nolaa  level 
aa  a  function  of  o-w  Ja— leg  In¬ 
put. 

2.  Minimisation  of  angular  arrera 
In  tha  praaanoa  of  off-targat 

Jaanlng. 

-3.  Balpa  prevent  intensity  nodulated 
Indicators  fron  aaturatlng  or 
blooklng  out  In  Jaanad  aactora. 


1.  Unlaaa  very  narrow  baaa 
widths  ara  uaad,  a 
linear  system  nay  ha 
lass  aoeurata  than  a 
nonlinear  systaa  whan 
traoklng  tar gats  In  tha 
absanoa  of  Jaanlng. 

This  llaltatlon  esn  bs 
avoided  If  a  linear  sys¬ 
tem  is  followed  by  a 
nonlinear  wldao.  An  PTC 
(sea  Item  U)  praoadlng 
tha  nonlinear  video  Is 
naosssary  to  protect  It 
tre n  tha  affaota  of  o-w 
jaanlag. 


0.  Properties 

In  relatively  low  frequency  flre-oontrol  radars,  which  saploy  rathsr 
wide  lobes,  tha  use  of  a  linear  dataetor  results  In  soaashst  lass  di¬ 
rectional  sensitivity  than  Is  obtalasd  fron  a  square-law  dataetor.  If  a 
linear  video  la  used.  The  extra  directional  sensitivity  nay  be  obtained 
by  ualng  a  nonlinear  video  aapllflar  following  tha  linear  dataetor. 

Baa  of  video  filtering  to  reduoe  tha  affect  of  jaanlng  modulation 
requires  additional  ooaponanta.  Filtering  arrangements  will  vary  from  a 
simple  short  tine- constant  coupling  that  la  desirable  for  other  reasons 
to  a  selection  of  filters  occupying  considerable  a pace  and  adding 
several  pounds  to  the  qwlght. 

D.  Rooosncndatlona 


A  linear  1-f  aapllflar  and  aaoood  dataetor  are  reooaaended  for  all 
radar  equipments.  A  video  filter,  such  aa  the  PTC  (ase  Itea  14),  la 
neoesaary  to  r amove  the  affaota  of  Jaanlng  as  auoh  aa  possible.  This 
combination  nay  be  followed  by  a  linear  video,  or  If  desired  for  sensi¬ 
tivity  In  traoklng,  by  a  nonlinear  video.  (Refer  to  item  18) 
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Itofwiw 

1.  AJ  Fractions  Panel  Report i  Mo.  B-5,  "Linear  Ve.  Square- Lav 
Detect loo",  by  I.  H.  Page. 

2.  Additional  Referenoeet  (a)  "A/J  Practioe  for  Fire-Control  Radar 

Systene",  RRL  Technical  Venorandua, 
411-TM-87,  23  March  1944,  by  H.  0. 

Anger. 

(b)  "A  Study  of  the  Vulnerability  of  the 
Radare  Mark  3  and  Mark  4  to  Rtaeay 
Xleotronlo  Coantemeaenree",  RRL  Report 
RA  34  217A,  30  October  1944,  by 
R.  L.  Plovers. 

(e)  "A  Study  of  the  Syaten  Vulnerability  of 
the  Radar  Mark  12  to  electronic  Jaaadng", 
ML  Report  RA  34  2204,  1  Doooaber  1944, 
by  L.  V.  Seeeions  and  A.  J.  Steooa. 

(d)  Ravel  Research  Laboratory  Report a i 

R-2456  "Standard  Test  Procedure  for  A-J 
Reoelvere"  "* 

R-2507  "Developnent  of  Murk  12  Anti-Jan 
Reoeimr". 

R-250S  "Sons  Pundaaentala  of  Anti-Jaaadng 
Receiver  Circuits". 


-26- 


■oat  fonts  of  Jaaadng  and  cluttar  srs  strong  enough  to  redoes  il|* 
bsI  visibility  by  overloading  soas  portion  of  tho  rooolvnr,  Yldeo 
overload  oaa  bo  alleviated  by  the  FTC  (see  Itea  14)  and  the  BBB  (see 
I tea  15).  However,  apeolal  preoantlons  should  be  taken  to  proteot  the 
1-f  anpllfler.  Insofar  as  possible  without  the  nee  of  a  nanietl  gala  eon* 
trel.  Several  asthods,  or  oonblnatlons  of  aethods  shoold  be  used. 

1.  High  level  tabes  In  the  lest  one  or  two  1-f  stages t  e.g.  6A07's  la 
plaoe  of  6AC7'e,  ete. 

2.  Baekblas.  This  Is  a  rapid  noting  degenerative  circuit  which  re- 
dneee  the  gain  of  the  stages  oontrelled  as  the  ootpot  Increases. 

This  redness  1-f  saturation  and  thus  helps  to  preserve  pulse  gain. 
There  are  two  general  o lasses  of  baekblas  circuits,  aenaapllfled  and  . 
aapUfled.  The  latter  Is  frequently  sailed  an  lnstantanecftxs  auto- 
natle  gain  oontrol,  HOC.  It  generates  a  Mas  voltage  by  rectify¬ 
ing  and  amplifying  the  ootpot  voltage  of  tho  oontrolled  stage  or 
stages.  The  unanpllfled  baekblas  oircult  oalts  the  anpllfler  stage. 


aj  UaUHiaa  at  jghtg 


1.  High  Level  Tabes 

a.  Increased  overload  protection.  a.  Effective  only  against 

CW,  both  unnodnlated 
and  nodnlated  at  a  Ion 
frequency,  and  than 
only  If  followed  by 
FTC. 

b.  Hot  effective  la  reduc¬ 
ing  video  saturation  In 
elntter. 


2.  I-f  Baekblas 


a.  Pros tact Ion  against  1-f  over¬ 
load. 

b.  Under  oortala  design  conditions 
It  nay  be  used  to  proteot 
against  video  saturation. 


a.  It  differentiates  sig¬ 
nals,  giving  a  false 
appoaraaoe  of  discrim¬ 
ination  In  solid  land 
elntter  (see  note  on 
FTC). 


e.  Effective  i-f  baokblas  Is  required 
for  optlnoa  perforaaaoe  of  FTC  and 
OBB  circuits. 


b.  Amplified  baekblas  re¬ 
quires  a  sonewbat  crit¬ 
ical  design  required  to 
sake  a  stable,  effective 
oircult  within  JAH  spee- 
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ifioatlon  Haiti, 


0.  Properties  of 

1. 


Additional 

Requirements! 


Spaoo 

Weight 


2.  Koaarki  on 
Operstloni 


(a)  Hlefa  Loral  (til  LsLUsMl. tfl 

Tol^i  55  5555  Sfgaili 


1.  Largor  Tnboa 

2.  Additional  i-f 
stability. 


1.  Additional  1. 
i-f  a tag* a. 

2.  Shortor  tin* 
eomtanti  oan 
b*  and  than  2. 
with  ampli¬ 
fied  back-  3. 
blaa  lehanoi. 


A  double 
triode  per 
loop  pro¬ 
tected. 

Switch  aad 
relay. 
Additional 
i-f  stability. 


Slight 
Slight 
6  watta  d-o 
per  tube. 


1.  Satisfactory 
only  agalnat  am 
Jasariag  and 
only  if  follow¬ 
ed  by  FTC. 

2.  Sot  necea- 
eary  if  ade¬ 
quate  backbiaa 
circuits  are 
wadi 


12  oubie  inchea 
0.5  lb. 

2  w  d-cj 
2  w  a-e. 


(each  loop) 

12  oubio  lnobea 
0.5  lb. 

3  w  d-oj 
2  w  a-e. 


1.  Satisfactory  against  both  GW 
and  eluttar,  if  followed  by  FTC. 

2.  Amplified  backbiaa  mere 
satisfactory,  especially  against 
eland  and  sea  eluttar. 

3.  Only  the  amplified  backbiaa 
la  satisfactory  for  nae  with  DEB. 


D. 


I-f  overload  protection  should  be  included  in  all  ground  and  Ship 
radars.  It  should  also  be  Included  in  such  airborne  eeardh  radars  *>ere 
added  requirements  are  not  a  bar,  particularly  where  visibility  in  sea  aad 
land  eluttar  must  be  maintained. 

>•  BtftWWI. 

1.  AJ  Practices  Panel  Report ei  Woe.  B-2,  B-9-  •*,  B-9-b,  B-9-e. 

2.  Principal  development  work  on  1A0C  at  I.  .«1  Research  laboratory  and 
at  Radiation  laboratory.  See,  for  example,  RL  Report  We.  S-52, 
"Antielutter  eireuits  for  ACT", 

3.  WRt  Report  R-2392  "Report  on  Investigation  of  Anti-Jan  Reoelvers  for 
Search  Radar*. 

A.  ERL  Report  R-2A56  "Standard  Test  Prooedure  for  AJ  Reoelvers*. 

5.  URL  Report  R-2507  "Development  of  Mark  12  Anti-Jam  Receiver". 

6.  WRL  Report  R-250S  "Some  Fundamentals  of  Anti-Jan  Reoelvsr  Clrouits" . 


CtWFIMlTIAL 


im  ii 
Tldao  mttw 

A.  Brlof  D— orlptlon  and  Funotloa 


■toy  cooipoeanto  of  tho  frsquancy  opaetroa  of  Jaaalag  oan  bo  ra- 
aovad  bgr  tho  boo  of  flltoro  la  tho  rldoo.  Alao,  boot  froqoaaey  mo* 
poaoato  botoooa  tho  joulag  and  tho  algaal  ohloh  many  radar  lntalll- 
coaoo  oaa  bo  paoaod  by  flltoro  ohloh  graatly  oapprooo  tho  jaaalag. 
Tldoo  flltoro  aoy  hawa  oithor  high  paoo,  bud  paoo,  at  loo  paoo 
oharaetorlotloo. 


b.  mail  aa 

Banoflto  LlnltatjLopo 

1.  High  Pass 


a.  Bllalnatloo  of  loo  aod  aadlna 
froqu  aney  aodolatloe  of  tho 
jaaalag  olgnal. 

b.  Tory  bonofiolal  agalnot  all 
typoo  of  off-fyoqnaaoy  jaa* 
■lag  ao  It  will  paoo  tho 
hotorodyao  oooponoato  of  tho 
jaaodag  and  ooho  olgaalo  ohllo 
raj acting  tho  fnadaaontal  J an¬ 
al  ag  olgnal. 


a.  Boho  diotortloa 
ohloh  roonlto  la 
ollght  raago  orroro. 
For  aeeorato  rang¬ 
ing,  raago  owapon 
aatlon  anot  bo  naod. 

b.  Undor  cartala  oon- 
ditloao  filter  nay 
ring  oauolag  nul- 
tlplo  Indications. 


o.  IaproToo  rooolotloa  agalnot 
olnttor. 

d.  Bay  bo  of  vary  olaplo  doolga 
aad  atlll  bo  offootloo. 


o.  Loan  la  olgnal  wloi- 
blllty  whan  uoad 
against  wary  high 
fraqoaney  oodnlatod 
jaaolng. 

d.  Taoortlon  loco  la 
▼ldoo  aapllflor, 

o.  Loao  of  algnal-to- 
aoloo  ratio  If  la- 
proparlymaad. 


2.  Baad  Paoo 


a.  Against  jaaalag  aodalatod  at 
both  law  aad  high  froqnoaaloo, 
oaa  approolablo  roduoo  Jan-to- 
olgnal  ratio. 

b.  Can  bo  offootlwa  agalnot  narrow 
band  barrago  jaaalag. 


a.  Croat 3 y  loworo  r*oo- 
lntion  booauoa  cf 
polso  dlotortlen, 

b.  Bust  bo  war labia  or 
aswaral  dlfforout 
paoo  bands  yrat  bo 
available  to  ho  af* 
faction. 
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I,  Her*  complex  filter 
design. 

d.  Insertion  loaa  la 
video  amplifier. 


3.  lev  Pass 


a.  Removes  high  frequency  jaaalng 
Modulation  ooaponant. 

b.  Kay  ba  of  vary  aiapla  daaign  and 
■till  ba  effective. 


a.  Pulse  distortion 
which  subtly 
Iowan  resolution 
aad  range  accuracy. 

to.  Znaartlon  Ion  la 
▼idao  amplifier. 


0.  Properties  of  Video  Filters 


1.  Additional  c exponents  Including  switching  system,  Tldeo  delay  Una 
(for  range  error  compensation) ,  possibly  added  Tldeo  stages  to 
ooapensate  ior  filter  Insertion  loss. 

2.  Added  space,  weight,  and  power  requirements!  These  are  usually 
slight  but  are  dependant  upon  speeiflo  radar  ehaneterlstln  aad 
the  choice  and  number  of  filters. 

w— m  Operation 

1.  formally  the  only  control  is  a  seleotor  switch. 

2.  Performance  Is  improved  through  uss  of  an  echo  rectifier  (Item  17) 
and  a  tunable  transmitter  system  (Item  3). 


D.  Beoo— ndatlons 


1.  A  high  pass  video  filter,  or  PTC  (item  14)  should  toe  lnoluded  In  all 
radar  equipments. 

2.  Additional  filtering  should  toe  oonal dared  if  spaoe,  weight,  and 
operational  oomplexlty  permit. 

3.  In  order  that  video  filters  toe  fully  effective,  it  is  reoamnsnded 
that  they  toe  incorporated  in  a  radar  system  hawing  a  transmitter 
rapidly  tunable  over  a  narrow  range,  an  overload  protected  XT  ampli¬ 
fier,  and  an  echo  rectifier. 


t.  References 


1.  "AJ  Praotloe  for  Fire-Control  Radar  Systems",  RRL  Technical  Memo- 
randum,  411-TK-87,  23  laroh  1944,  hy  B.  0.  Anger. 

2.  RRL  eonf  ltr  C-S67-5/RCM(398iSWP)  to  BuQrd,  Cods  Re4f,  Problem 
0-73T-C ,  "Type  CA0S-50-AXZ  IF  to  Video  Converter,  Operational  aad 
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Systsas  Tsais",  dated  26  August  1944* 

).  ML  Report  R-2507  "Drslopaant  of  Mark  12  Aatl-Jaa  Reoolrer"  • 

A*  RRL  Report  1-2506  "Soas  Tundaaentals  of  Aatl-Jaaalaf  Reoelver 
Clrsu&ts*. 


The  fast  tine  constant  circuit,  called  PTC,  la  placed  between  the 
second  detector  and  first  video  stage  of  a  radar  receiver.  It  con¬ 
sists  of  a  differentiating  circuit  shoes  tine  constant  is  of  the  order 
of  magnitude  of  the  pulse  length.  This  olroult  Is  effectively  a  high 
pass  filter  and  thus  aids  In  renoving  CW,  or  CW  nodulated  at  low  fre¬ 
quencies,  fron  the  snooeedlng  video  stages.  It  oan  also  be  used  to 
advantage  in  aneli orating  the  effects  of  cloud  and  sea  return,  but  op¬ 
erates  best  for  this  service  In  conjunction  with  other  devices.  (See 


1.  Loss  In  slptal  visi¬ 
bility  le  less  than 
1  db  even  when  long 
sweeps  are  used. 

2.  Beoause  of  the  dif¬ 
ferentiation,  long 
blocks  of  signals  are 
broken  up.  However, 
the  relative  anpll- 
tuBee  of  individual 
signals  are  not  pre¬ 
served. 

0.  Properties  of  the  FTC  and  of  Alternate  Sohens 

Iotas i  1.  Since  the  DBB  olroult  Is  designed  to  perfom  sons  similar 

functions,  see  Item  15  for  a  discussion  of  the  relative  ad¬ 
vantages  of  the  two  circuits. 

2.  Complicated  differentiating  circuits  can  be  devised,  but  for 
nost  purposes  the  slnple  RC  or  M  oireuita  suffloo. 


B.  Benefits  and  imitations  of  the  Scheme 

Benefits 

1.  effective  reduction  of  video  over¬ 
load  in  the  presenoa  of  CW,  un¬ 
modulated  or  nodulated  at  a  low 
frequency. 

2.  Improved  operation  In  the  presenae 
of  alutter  and  possibly  Window  whan 
protected  by  a  good  1-f  baokblas. 


1,  Additional 

Requirenentsi 


1.  A  switch  and  relay. 


Added 

Spaas 

Weight 

Power 


5  cuble  Inches 
0.2  lb. 

1  w  d-o 


2.  Remarks  on 

Ooeratloni 


1.  The  RC  elreults  are  superior  to  the  12  slr- 
cuita  because  of  a  shorter  recovery  tins  pos¬ 
sible  In  a  practical  ease.  However,  Id  olr- 
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salts  have  the  advantage  of  lower  insertion  loea 
or  sharper  low  frequency  oat-off. 


9.  Racoon endatlona 

.  The  FTC  should  be  Included  In  all  radar  Beta. 
>•  Hefarenoea 


1.  AJ  Practice a  Panel  Report t  Mo.  B-l-b. 

2.  Principal  developnent  work  done  at  If  aval  Research  Laboratory  and 
Radiation  Laboratory.  See,  for  exaaple,  RL  Report  Ho.  8-92, 
"Anticlatter  Circuit!  for  ACT". 

3 .  HRL  Report  R-2392  "Report  an  Investigation  of  Anti -Jan  Receivers 
for  Search  Radar". 

4.  HRL  Report  R-2506  "Soee  Pnndaeentala  of  Anti-Jan  Reoelver  Circuits". 

5.  HRL  Report  R-2530  "AJ  Video  Filters  for  the  Radar  Hark  12  Reoelver". 


✓ 
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Si»al>l  Antlcluttar  Circuits  -  1.  Detector  MUMl  Bias 
Brief  Description  of  Circuit  and  Function 

The  detector  balanoad  bias  (DBB)  la  a  circuit  which  la  particu¬ 
larly  uaaful  1b  conjunction  with  IAGC  (aaa  I tan  12)  for  reducing  tha 
loaa  In  radar  visibility  dua  te  elood  and  aaa  return,  and  which  nay 
ba  uaaful  In  reducing  tha  affaetlwnsaa  of  Window  j aiming.  It  ©pe- 
rataa  la  tha  following  way.  Tha  aeeond  detector  in  tha  raoalTar  la 
blaaad  by  tha  DBB  circuit  in  aueh  a  way  that  tha  average  detector  out¬ 
put  rcwalna  approriaataly  constant,  ragardlaaa  of  input  signal  aspll- 
tudaa.  Thla  la  aocowpllahad  by  rectifying  tha  output  i-f  voltage,  de¬ 
laying  and  amplifying  it  to  aatabliah  tha  blaa  voltage.  Tha  reaponae 
of  the  receiver  to  dlaorete  signals  la  essentially  unchanged  by  tha 
circuit  action,  whila  video  saturation  dua  to  blooka  of  aignale  la 
practically  allalnated. 


Benefits  and  Llnltatlona  of  tha  Schwa 

Benefits  Llnltatlona 


1.  Inprovcd  visibility  In  tha  praaanca 
of  cloud  and  aaa  return  and  pos¬ 
sibly  Window. 


1.  Uaaful  only  In  radar 
seta  equipped  with 
satisfactory  1-f  back- 
bias  olrculta. 

2.  Short  ahadowa  after 
large  signals.  (Wot  an 
appreciable  Increase 
over  the  shadows  with 
proper  IAGC  alone} 


Frcnartles  of  the  MB  and  of  Alternate  Bohans 

1.  Additional  (a)  PBB 

It  equl  resents  t 

1.  Switch  and  relay. 

2.  Two  dlodea  and  a 
trlode. 

3.  Delay  line. 

A.  An  effective  1-f 
baokblaa. 


Space 

Weight 

Fewer 


30  cubic  Inches 
1  lb. 

6  w  d-ci  3  w  s-c. 


(b)  FTC 

1.  Switch  and  relay. 

2.  An  affective  1-f 
baokblaa. 


5  suMs  lashes 
0.2  lh. 

1  w  d-e. 


2.  Berks  on 

Operation! 


,.  Batter  contract  on  long  sweepe  than  FTO. 

.  Better  parforaanea  la  elood  return  than  FTO. 
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3.  DBB  la  net  aa  effectl ve  as  FTC  In  ths 
presence  of  e-w  ,1  aiming,  elthar  unmodulated 
or  modulated. 

4.  Critical  adjustments  of  DBB  are  accessary  to 
meet  JAN  specifications. 

5.  Ia  the  presence  of  sea  clutter,  the  jffect- 
ivenesa  of  either  of  these  circuits  is  la- 
proved  when  preceded  by  STC  (Item  15-2)  ia 
addition  to  the  required  1-f  backbias. 

6.  The  simultaneous  use  of  FTC  and  DBB  la  not 
recommended. 

7.  The  DBB  should  not  dlaplaoe  FTC  froai  a 
receiver. 


D.  Beoomaendatlona 


The  DBB  should  be  used  in  all  radar  sats  where  the  olutter  fron  aea 
a«d  cloud  return  warrant a  the  added  complexity,  but  when  Included  it 
should  be  used  only  in  conjunction  with  HOC.  Its  operation  in  the 
presence  of  aea  return  ia  improved,  if  STC  (see  Item  15-2)  la  available. 
It  la  not  a  replacement  for  FTC  in  all  eases. 

B.  Beferencea 

1.  Principal  development  work  done  at  Radiation  laboratory.  See,  for 
example,  RL  Report  Ho.  S-52,  "Anticlutter  Circuits  for  AEW". 

2.  Minutes  Meeting  Mo.  13  Anti-Jamming  Committee  of  Division  15, 
M.D.R.C.  on  5  June  1945. 
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So.  15  (oont)  Special  Aatlolutter  Circuits  -  2.  Sensitivity  Tlaa  Control. 


A.  Brief  Description  of  Dorloo  and  Function 

The  sensitivity  tlaa  oontrol  (STC)  oireolt  la  useful  In  reducing 
video  saturation  due  to  son,  and  possibly  land,  return.  Considerably 
onbanood  effeotlreneaa  is  aohiered  by  the  eoablned  use  of  STC  with  IAQG 
(see  I tea  12),  folloeed  by  either  PTC  (see  I tea  14)  or  DBS  (see  I tea 
15-1) .  The  STC  operates  in  the  follow! nf  way:  a  tine -dependent  voltage 
is  generated  whloh  is  used  to  oontrol  the  reoelver  gain.  The  atteapt 
is  aade  to  Ohoose  this  tins  dependenoe  in  sueh  a  way  as  to  aalntaln  the 
receiver  gain  at  its  Boat  useful  value  at  all  ranges.  Soae  STC  eirouite 
are  ooablned  with  the  aanual  gain  oontrol  in  sueh  a  way  as  to  supsr- 
Inpose  the  desired  STC  sevefam  an  the  annual  gain  voltage. 


B.  Benefits  and  Llaltatlona  of  the  JPwrloo 


1.  Ia proved  visibility  in  sea,  and 

possibly  land  olutter,  for  aost 
presentations. 


1.  Useful  la  reducing  satur¬ 
ation  only  by  that  ooapoa 
ent  of  the  olutter  that  is 
ooaaon  to  all  asiauthsi 
thus  not  generally  useful 
in  storno  and  Window. 

2.  Critical  adjustaents  to 
aehleve  satisfactory  re¬ 
sults. 

5.  Vlsadjustaents  any  oause 
iapaired  rather  than  la- 
proved  visibility. 


0.  Properties  of  the  STC 


1. 


Additional 

Eequirsasntsi 


1.  Aa  laltiatiag  pulse,  such  as  a  trigger. 

2.  Usually  at  least  one  eddltlonal  tube. 

5.  Bvitoh  or  relay  to  reader  the  STC  inopera¬ 
tive  as  desired. 

4.  Panel  controls  for  eevsfom  edjustaoat. 


perhaps  50  oaMo  inches 
perhaps  2  lbs. 
perhaps  2  a  d-oj  2  w  a«e. 


'  2.  leaarks  on 

Opera t loot 


1.  Applleablo  to  nearly  all  radar  sets. 

2.  Can  be  added  as  snail  aodtfloatloa  kit. 


The  STC  should  be  lnoloded  In  all  radar  sets  where  the  possible  in- 
yrcvsasnt  la  visibility  through  sea  aad  lead  olutter  warrants  the  added 
operational  oowplszity.  It  should  bp  used  principally  ia  ooej unction  with 
ZAQC  aad  either  PTC  or  DBB. 
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M.  lUfifumi 

1.  Dawalopna at  work  dono  largaly  at  Moral  Raaaareh  Laboratory  and 
at  Radiation  Laboratory. 

8«t,  for  axaaple,  RL  book  "Thaory  aad  Praotloo  of  Pulaad  Ciroulta", 
by  Donald  0.  Fink;  Chap.  71. 

8aa  RL  Raport  Mo.  S-52,  "Antloluttar  Clroaita  for  1MW*. 

2.  Mlnotaa  Mooting  Mo.  13  Antl-Jamlng  CooMlttaa  of  Division  15 » 
V.D.R.C.  on  5  Jana  1945. 


* 


a 
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MI,  "soring  target  Indication"  la  an  attachment  to  radar  aata 
which  dlffarantlataa  bwtwwan  targata  of  high  and  low  radial  velocities, 
la  particular  batwwan  alroraft  and  aoat  foraa  of  eluttef  such  aa  land, 
aaa,  atom,  and  Window  aohoea.  Ita  operation  dapanda  on  the  faet  that 
soring  targata  oauae  a  change  in  the  phase  of  aoho  pul aaa,  and  that  the 
rate  of  change  of  thle  phaaa  la  proportional  to  the  target  Telocity. 

Is  eispleet  fora  the  tranaaltted  polaa  la  aant  out  always  in  fixed 
phaaa  with  the  carrier,  and  than  apllt  Into  two  rldao  channel a.  The 
first  dalaya  the  aoho  a  pulaa  repetition  interval  by  neana  of  an 
aooustlo  delay  line.  The  delayed  pulaa  la  lnrartad  in  phaaa  and  added 
to  ths  following  pulaa  In  the  other  ohannal.  Slow  soring  targata  do 
not  change  phaaa  markedly  from  pulaa  to  pulaa  and  thus  are  virtually 
oanoelled.  Rapidly  soring  targata ,  however,  do  change  phaaa  fros  pulse 
to  pulse  sufflolently  to  suffer  little  cancellation. 


B.  Benefits  and  Limitations  of  the  Sohasa 


Benefits 

1.  Improved  risibility  of 

soring  targets  In  clutter . 
Isproresenta  possible  arat 

(a)  Mora  than  30  db  for 
land  clutter. 

(b)  20-30  db  for  norsal 
Window. 

(o)  10-30  db  for  stars 
clutter. 

(d)  Probably  10-30  db  for 
aaa  oluttar. 

0.  Pronartlaa  of  MTI 

1.  Additional 

Raqulrasantai 


Space 

Weight 

Poeer 

a.  Operatloni 


1.  There  ere  oertaln  "blind"  radial 
apaeda  (including  aero)  at  whioh 
the  target  rlelblllty  le  serious- 
ly  reduced.  Thle  reduction  any 
be  in  exceae  of  30  db. 

2.  Average  loaa  In  vlelblllty  of  air¬ 
craft  at  all  apaada  la  about  3  db. 

3.  Wot  applicable  to  automatic  track¬ 
ing  aata  of  oertaln  types. 


1.  law  nonsaturating  receiver. 

2.  Stable  looal  oscillator. 

3.  Coherent  o-w  carrier. 

4.  Aeouatlo  delay  line,  amplifiers, 
and  cancellation  circuits. 


perhaps  10  cubic  feat 
perhape  400  lbe. 
perhaps  800  watte. 

1*  Can  be  prepared  as  a  modification 
kit. 

2.  Because  of  pulse  to  pulse  cancel¬ 
lation,  even  a  saall  jitter  In  the 
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pals*  repetition  frequency 
eennot  be  tolerated.  Thus  a 
■park  gap  Modulator  Is  not  satis¬ 
factory. 


Serloaa  oenalderatlen  aboold  bo  glren  to  lnoluslon  of  MTI  on  all 
ground  and  ship  radars.  Airborne  seta  aay  find  It  profitable  to  nae  MTX 
■hen  their  principal  function  la  alroraft  search. 

Rafarenoaa 

1.  Derelopaent  work  done  at  Radiation  Laboratory i 

See,  for  exanple,  RL  Report  Ho.  481,  "The  Detention  of  Soring 
Target*  aaong  Ground  Clutter  bgr  Coherent  Pulse  Methods*. 

RL  Report  Ro.  481,  "The  Observation  of  RP  Phase  la  Pulse  Radar". 

RL  Report  Ro.  962,  "A  Soring  Target  Selector  Using  Defleotlon 
Modulation  on  a  Storage  Moaalo". 

2.  Saral  Research  Laboratory  Report  R-2480,  "A  Surrey  of  Antlelutter 
Deeioes  for  Saral  Use". 


The  successful  operation  of  nan y  A-J  devices  depends  upon  a  dif- 
faraooa  In  frequency  or  phaao  In  tho  r-f  frequeney  of  tha  daairod  and 
unde sired  algnala.  Tha  "beet-frequency"  oonponents  of  tha  phaao  dlf- 
faranoa  oonponents  for*  tha  haala  for  lntalllganoa.  Thla  lnfomatlon 
la,  however,  a  dlatortad  signal  (alnuaoldal)  d If faring  In  appaaranoa 
froa  tho  original  unlpola  algnal.  Tha  aoho  raotlflar  (or  third  dataotor) 
simply  raotlfloa  tho  two-sided  video  algnal  and,  with  tha  aid  of  filters, 
raahapaa  tho  algnal  to  produoe  a  unlpola  pulao.  S pacific  ciroultry  aar> 
ployed  arc  of  tho  conventional  half -wave,  full-wave  raotlflar  olronlta, 
or  alnply  a  aaro  grid  bias  aapllflor. 


Bono fit a 


Reforms  composite  hetero¬ 
dyne  video  algnala  to 
uaoablo  shape. 

Raduoea  bandwidth  raqulroaanta 
of  video  stages  following  tha 
eoho-reotlflor. 

Increases  signal  dlsarlnlnatlon 
In  presentation  ayeten  under 
J  aiming  oondltiona. 


fclattailan 

1.  Iner eases  pulse  width  of 
resultant  signal  over 
nornal  pulao  with  a 
possible  reduction  In 
nornal  ranging  aoouraay. 


Allows  operation  of  so 
circuits. 


automatic 


rrrTWTjai 


Additional 

Requirements! 


L'ia 


8  pa  oa 
Height 

Remarks  on 
Operation i 


2  ouhle  Inches 
O.S  lb. 


1.  Effective  video  flltara  and  PTC. 

2.  Separate  video  ohannol  froa 
nornal. 

3.  for  single  dataotor,  (half  nave), 
a  single  diode. 

A.  For  doubls  dataotor  (full  nave), 
diodes  and  paraphase  aapllflor. 


Profclt  StSsu&g 

2  ouhle  Inehes 
1.0  lb. 


1.  Applloabla  to  all  radar  seta  ualng 
video  flltara. 


•AO- 


2.  Requires  no  separate  oontrol  othar  than 
ewlteh  operating  tha  aeparate  a-j  channel 


D,  RaaoMsndatlons 


Tha  aoho  raotifiar  la  raooanandad  for  all  radars  employing  video 
filters  or  othar  nsans  which  pass  only  tha  heterodyne  (or  dlfferenoe) 
signal. 

I.  References 

1.  Rad.  lab.  Rawy  liaison  Office  seer.  ltr.  F42-5,  367*5.  Sar. 

00778 /J  dated  12  July  1944  to  BuShlps,  Coda  920-D1  "High  Pass 
Filter  with  Soho  Reotlf loatlon" . 

2.  XRL  seer.  ltr.  Report  S-S67-5 ACM( 399Fi JAW) ,  Serial  Ho.  5426,  to 
BuOrd. ,  Ra4f,  "Radar  -  Fire  Control.  Interim  Report  on  Problee 
3-578R-S .  'Adaptation  of  the  Type  CA0S-5QAET  IF  to  Video  Converter 
to  the  Radar  Mk  12'". 

J,  XRL  Report  "Soae  Fundamentals  of  Antl-Jaening  Reoelver  Circuits". 
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In  |mnl)  Boat  anti-jamming  devices  described  in  thii  catalogue  can  t» 
applied  to  fit*  control  radars.  However,  ba causa  they  aaploy  spaoial  loblng 
techniques  and  methods  of  presentation,  ouch  oyataas  are  aora  ouocaptibla  to 
■any  types  of  jamming.  This  special  section  dlaeuasaa  the  various  AJ  design 
features  and  devices  fro*  the  fire  control  radar  point  of  view. 


1.  Antenna  System 


A.  Brief  Description  of  the  System  aadFqnotlfflB 

The  antenna  systea  of  a  fire  control  radar  is  designed  to  fur¬ 
nish  position  information  in  either  two  or  four  quadrants.  The  typo 
of  scan  te  he  eaployed  usually,  is  based  on  the  military  requirements, 
and  this  in  turn  determines  the  choice  of  polarity,  beamvidths,  gain 
and  frequency.  For  moat  systems  it  is  desirable  that  the  plane  of 
polarisation  be  fixed  te  avoid  tracking  inaccuracies  resulting  from 
frequency  sensitive  parts  of  the  target  as  well  as  changes  in  inter¬ 
ference  pattern.  Good  antenna  design  should  be  used  throughout  so 
that  the  loblng  or  scanning  action  does  not  "pull”  the  transmitter 
frequency.  The  antenna  pattern  must  not  change  with  transmitter  fre¬ 
quency.  This  requires  the  use  of  components  having  broad-band  fre¬ 
quency  characteristics. 


B.  Benefits  and  Limitations 


2>Sll0  Benefits 


MaKtttw 


1.  Sharp  Beams 


(a)  High  tracking  ac¬ 
curacy  and  resolu¬ 
tion  .  High  degree 
of  discrimination 
against  off-target 
jamming  and  Hindoo. 


(a)  Increased 

difficulty  in 
target  acqui¬ 
sition. 


2. 


Proper  ooapron-  (a) 
lse  between  ant. 
lobe  pattern  and 
crossover  point 
between  lobes  for 
loblng  radars.  (b) 


Eliminates  need  for 
non-linear  element 
for  accuracy  In 
angle  tracking. 

Reduces  requirements 
for  extreme  linear 
dynamic  range  in  re¬ 
ceiver  circuits. 


(a)  Possible  de¬ 
crease  in  maxi¬ 
mum  range,  for 
angle  track¬ 
ing. 


3.  Variable  loblng 
rate. 


(a)  Protection  against 
"Peter"  type  .lam¬ 
ming  and  rotating 
reflectors. 


(a)  Added  else  and 
Height,  control 
unit  and  possi¬ 
bly  rotating 
machinery. 
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BOWinm'tAT. 

4.  Loblng  in  receive  (a) 
only. 


Assure#  non-dstsc- 
tton  of  loblng  rat* 
by  enesy. 


(a)  Addsd  complexity 
of  antenna 

ay  stem. 

(b)  Addad  alia  and 
weight  to  an¬ 
tenna. 


5.  Simultaneous 
loblng. 


(a)  Lowered  linear 
dynanle  range  re¬ 
quirement  a  for 
angle  traeklng. 

(b)  Protection  againet 
"Angle  J awning"  auoh 
as  "Peter". 


(a)  Requlree  two  or 
■ore  IP  strips 
of  stable  phase 
and  separate 
signal  channels. 


0.  Special  Recommendations 


Sharp  beans  with  steep  elopes  at  the  crossover  point  should  be 
cfaoeen  for  all  lobe-switched  radars.  The  use  of  simultaneous  loblng 
In  receive  only  should  provide  adequate  a-j  protection  from  the 
standpoint  of  antenna  system  design. 


D.  Stfmagu 


1.  URL  Report  RA  3A  222A,  "Accurate  Angle  Tracking  by  Radar”,  dated 
.  28  Dec  1944,  by  R.  M.  Page. 

2.  RRL  Report  RA  3A  217A,  dated  30  Oet  1944,  "Study  of  the  Vulnera¬ 
bility  of  Radars  Hk  3  and  Hk  4  to  Enemy  Elsotronlc  Counter¬ 
measures"  . 

3.  RRL  Report  RA  3A  220 A,  dated  1  Dec  1944.  "Study  of  System  Vul¬ 
nerability  of  Radar  Hk  12  to  Electronic  Jasming". 


II.  Transmitter 


A.  Brief  Description  and  function 

The  effecte  of  many  types  of  lamming  can  be  greatly  reduced  by 
a-j  features  in  the  transmitter  and  modulator. 


B.  Benefits  and  Limitations 


£lllCB  Bgnpfjftg 


1.  Tunablllty  - 
single  control 
coupled  to  re¬ 
ceiver. 


(a)  Provides  high  a-J 
oroteotlon  when  used 
with  a  orotected 
automatic  frequency 
control  receiver. 


(a)  None  except  for 
design  diffi¬ 
culties  provid¬ 
ing  pattern  of 
antenna  system 
does  not  change 
with  frequency. 


>43- 


BOPTMMTTAt 

2.  High  «rf  (tbm  (a)  Better  fire  oontrol  (e)  Bene  except  where 

1000  p.p.s.)  Inf  cruet  ion.  sore  then  two 

systeas  at  a 
given  location 
oanee  aore  Inter* 
ferenee. 

3.  Jittered  prf .  (a)  Provides  protection  (a)  Requires  con- 

agalnet  "Leopard" ,  slderabl y  aore 

"Peter",  and  ro-  oonplex  clrcult- 

tating  refleotors  ry  and  addltlo- 

deeeption  devious.  nal  oonponenta 

euch  as  a table 
aperiodic  range, 
eoeep  and  tlatng 
circuit#,  eto. 

0.  lafereneea 

1.  URL  Report  RA  3A  221A,  "An  Aperlodlo  Range  Delay  Circuit",  dated 
4  Deo  1944  by  A.  M.  King. 

2.  URL  Report  RA  3A  224A,  dated  7  Deo  1944,  "A  Jitterbug  Pulae 
Generator". 


The  reoelwer  of  a  fire  oontrol  radar  auet  bare  adequate 
gain  linearity. 


a.  flnttui m  Idllittflw 

Pw  Urn 


1.  IP  Band-pane 
characteristics 
(BR  ■  1.3/T  to 
2/T) 

(Steep  skirts) 


(a)  Per  BW  ■  2ft  high 
range  aoouraoy  for 
noraal  operation. 


(a) 


(b) 


Raxiaun  pulae  _ 
for  3/K  and  S/J  con¬ 
sideration. 


Difficult  de¬ 
sign  for  very 
short  pulae 
lengths  used 
in  fire  con¬ 
trol  radars. 


(o)  Approaches  optlaua  a-J 
operation  whan  using 
video  filters. 

2.  Video  Band-pass  (a)  Provides  aaplloatlon  of  (a)  Difficult 


characteristics. 
(BW  ■  2x1?  band¬ 
width  up  to  echo 
reetifler.) 

(See  Itea  17) 


3.  FTC 

T  e  RO  e  pulse 
length. 


pulse  lntelllgenoe 
rylng  "beat*  oonponenta. 


(a)  Functions  as  portion  of 
video  filter  eystea  at 
low  Jaaaiag  levels  to 


video  stage  de* 
sign  for  very 
Short  pulse 
lengths  used 
In  fire  oontrol 
radars. 

(a)  Beoause  of  dif¬ 
ferentiation, 
angle  errors 
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reduce  angle  error*  ex¬ 
isting  la  the  heterodyne 
filter  technique. 

(b)  Also  see  discussion  on 
FTC,  Item  14. 


nay  result  when 
tracking  target 
slightly  great* 
er  in  range  than 
another  signal 
or  block  of  sig¬ 
nals  (ae  clut-  . 
ter) .  Requires 
use  of  clipper. 


(b)  See  Item  14  on 
FTC. 


Xnortoaental  gain 

(a)  Provides  angle  ao- 

(a) 

Less  sensitivity 

linearity.  (IF 

euraey  during  off- 

in  angle  track¬ 

and  Video.) 
(Linear  dateot- 
ora.) 

target  .lamming. 

(b)  Provides  more  ac¬ 
curacy  in  normal 

ing. 

(un- jammed  condition) 
tracking. 

✓ 

loho  Rectifier 

(a)  Allows  operation  of 

(a) 

Increased  pulse 

(3rd  Deteotor) 

some  automatic  circuits 

• 

width  of  resul¬ 
tant  signal 

e 

• 

thereby  reduo- 
ing  range  ac¬ 
curacy. 

Baok-biaa 

(a)  Provides  A-J  protec¬ 

(a) 

Rate  of  action 

(I  ACC  Ron- 

tion  of  linear  char¬ 

must  be  reduced 

amplified  type 

acteristics  needed  for 

so  that  angle 

using  cathode  de¬ 
generation.) 

(See  Item  12) 

fire  control. 

information  is 
avail ebla. 

This  necessarily 
limits  the 
utility  of  this 
device  for  P.C. 
applications. 

01 

(a)  Improved  aoquieition 

(a) 

Angle  informa¬ 

(Aural  Aida, 

and  tracking  of  tar¬ 

tion  will  never 

Visual  Alda, 

gets  in  Window  and 

be  reliably  ac¬ 

Hon-ccherent 

systems) 

olutter. 

curate. 

•  l 

B,  Specie!  RsoonmendstionS 


The  reoelver  should  hare  linear  dynanio  range  characteristics  so 
that  there  exists  less  than  a  104  change  in  pulse  amplitude  when  Off 
jamming  ie  applied  fro*  seru  level  to  a  -T-/S  ratio  of  aonroxima tely 
80  db.  In  combination  with  a  single  control  of  tuning  of  the  trans¬ 
mitter  tnd  receiver  r-f  head,  the  above  requirements  can  be  met  with 
a  receiver  having  baek-blaa  applied  to  the  IF  stages,  s  diode 
(linear)  deteotor,  video  filters  and  an  aoho  reotifier.  At  laaet,  an 


0 


-45- 


Oflf  TT«WPTlt 

aural  Dopplsr  rang*  aid  davio*  should  ba  provided  in  thoaa  radars 
ahara  tbs  traaaalttar  frsqueney  and  pet  ara  compatible  fcr  this 
dvrloa.  ‘ 


0.  Bafaraneaa 

1*  Bad.  Lab.  Bfcvy  Liaison  Off lea  Baer.  Ltr.  F42-5,  867-5,  Sar. 
0078/J,  dated  2  July  1944  to  BuShlpa,  Coda  920-D1,  "High  Pass 
Filter  with  Eehe  Rectification". 

2.  MRL  seer.  ltr.  report  S-S67-5/kCM( 399F i JAW) ,  Bar.  Be..  5426,  to 
BoOrd. ,  Re4f,  "Radar  -  Fire  Control-Interim  Report  da  Problem 
8-578R-S,  'Adaptation  of  the  Type  CA0S-50AET  IF  to  Video  Con- 
Tartar  to  tha  Radar  Mk  12'". 

3.  MRL  Report  RA  3A  217A  dated  30  Dot  1944,  "Study  of  Vulnerability 
of  Radars  Kk  3  and  Mk  4  to  Enemy  Electronic  Countsrasasurso" . 

4.  MRL  oonf.  ltr  C-S67-5/kCM(398iS1IF)  to  BuOrd.,  Coda  Ro4f,  Problem 
0-73T-C  "Type  CA0S-5OAET  IF  to  Video  Converter,  Operational 

and  Systems  Tests",  dated  26  Aug  1944. 

5.  COKRAVKU  REPORT  1-4615. 

6.  COMRAVMJ  RSFORT  X-5151  and  raferenoas  under  I tea  IV  and  VI, 

7.  RKI.  Report  411-TM-87,  "A-J  iraotloa  for  Firs  Control  Radar 
Sys^as",  dated  23  March  1944. 

IV.  fnc.iat»\i9B 

Most  fire  control  radar  systems  employ  two  or  more  of  tha  following 
type3  1:>  oovb* nation:  "A^-soan,  for  range;  "K"  or  blanked-"!",  for 
aoglut  “U”  ^ean  (target  spot),,  fcr  angle;  "B"  or  "E"  soon  for  range  and 
an  angle;  "J"  a cun  for  range,  and  various  meter  Indicators .  Investi¬ 
gation  has  shown  that  types  of  In  <L  oat  Ion  for  normal  usage  may  ba  of 
little  uae  under  la>«tng  conditions.  "A"  scan  for  range  and  blanked-”!" 
for  angle  provide  greater  discrimination  "gainst  electronic  jamming  and 
Window  (A  gain  of  3  db  haa  bean  measured  by  replsolng  the  overlapping 
"E"  preseut.-ii.lon  by  the  blanked  "K*  type.)  There  la  little  ooat  for  the 
advantages  gained  by  providing  "A"  scan  and  blanked-"K”  in  addition  to 
the  Intensity  nodulated  and/or  meter  presentations.  (See  Item  6  for 
detailed  discussion.) 


V. 


,tlo  Radar  Systems 


All  automatic  systems  are  vulnerable  to  jaraing  of  say  type  whether 
of  enewgr  origin  or  of  natural  oauses.  Because  automatic  circuitry 

discriminate  between  desired  and  undeslrsd  signals  appsarlng  In 
tea,  eonplstely  successful  A-J  devices  prior  to  ths  automat ie 
■  are  --squired.  However,  because  most  A-J  devices  require 
lation,  It  is  nsosssary  that  automatic  radar  systems  be  pro- 
eith  switches  to  ellow  manual  control  under  jamming  conditions, 
s  of  the  mors  reliable  and  nearly  automatic  A-J  devices  osn  reduoe 
■her  of  manual  eontrols.  Most  A-J  controls  should  consist  of 
■witehss  only  (an  exception  In  the  ease  of  transmitter  tuning),  and 
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should  require  no  "on-ths-spot"  adjustments  to  secure  operation.  Es¬ 
sentially  all  of  the  A-J  dsriess  described  in  ssotions  I  through  IV  are 
applioable  to  automatic  system  beoause  of  the  neoessity  of  aannal 
operation  under  Jaaning  conditions.  An  additional  requirement  is  that, 
in  noraal  operation,  target  acquisition  and  saooth  autoaatio  tracking 
be  accomplished  in  less  than  5  seconds  after  release  of  the  slew  control, 
Aati-Jaaalng  circuits  must  either  not  interfere  with  the  noraal  opera¬ 
tion  of  the  equipment  or  aust  be  so  controllable  that  they  do  not  inter¬ 
fere  with  this  requirement. 

ttlttuau 

1.  URL  Report  RA  3A  218A,  "Autoaatio  Angle  Cironits  for  Z-Baad  Radar", 
dated  1  Dee  1944.  by  J.  B.  Trevor,  Jr.  and  Lt.  (jg)  J.  J.  Myers. 
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Innumerable  trica  circuits  and  "black  bozos"  vers  developed  which  Improved  the  per¬ 
formance  of  certain  radars  against  several  various  types  of  enemy  countermeasures .  The 
purpose  of  thie  catalogue  was  to  assemble  In  one  document  a  brief  outline  of  all  proved 
antijamming  methods .  The  catalogue  should  eerve  as  a  handy  reference  for  all  who  have 
need  for  antijamming  information.  It  is  not  intended  to  provide  complete  Information  of 
any  antijamming  features,  but  merely  to  eerve  as  an  Index. 
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DEPARTMENT  OF  THE  NAVY 

NAVAL  RESEARCH  LABORATORY 
4555  OVERLOOK  AVE  SW 
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Mr.  Michael  Ravnitzky 
612  Lincoln  Avenue  #301 
St.  Paul,  MN  55102 

Dear  Mr.  Ravnitzky 

Your  request  for  a  mandatory  declassification  review  of  the  Naval 
Research  Laboratory  report,  AD  113545,  Catalogue  of  Anti- Jamming 
Methods  and  Devices,  dated  September  1945  was  conducted. 

The  report  is  unclassified  and  approved  for  public  release; 
distribution  is  unlimited. 


By  direction  of 

the  Commanding  Officer 
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